.
Since the original observation had not yet been confirmed, we undertook first to repeat Wense's procedure, using 150 gm. of mealworms in various stages of development; Wense had used 100 gin. In spite of all precautions to avoid oxidation, we were unable to find any adrenalin. It is interesting to note in this connection that even very dilute solutions of adrenalin when made alkaline rapidly turn red, then yellow. In Wense's procedure, the last step in which crystallization should occur involves making the solution basic; yet no coloration was ever observed.
We therefore decided to approach the situation in a wholly independent way. For this we chose the method of paper chromatography, developed for adrenalin and related compounds by James (1948) , and successfully applied to the detection of these substances by Goldenberg et al. (1949) , yon Euler and Hamberg (1949), and Goodall (1950) . This method employs one-way ascending paper chromatograms, developed with phenol saturated with water, and using 0.44 per cent potassium ferricyanide in phosphate buffer (pH 7.8) as indicator.
In this method the extracts to be chromatographed should be relatively free from color and should contain little extraneous material. For this reason it was found necessary to carry out a purification based on the method of yon Euler which depends on the fact that adrenalin is quantitatively adsorbed by aluminum hydroxide at pH 7.
To prepare extracts for chromatographic analysis, 35 gin. of larvae are ground to a smooth brei with 60 ml. of cold 10 per cent trichloracetic acid in a Waring blendor. * We are grateful to Dr. William L. Nutting for confirming the identity of the insects used in this investigation. 489
The brei is transferred to a flask with the aid of another 20 ml. of acid, and is shaken mechanically for 1 to 2 hours. After remaining overnight in the refrigerator, the brei is centrifuged, and the supernatant filtered under suction through a coarse filter paper. The solid residue also is transferred to the paper, pressed down, and washed with enough water to bring the total volume of extract to about 100 ml. This is shaken with two 50 ml. portions of petroleum ether (~.P. 30-60°C.), and then filtered through a thin layer of analytical grade super-cel (Johns-ManviUe). The extract is now a clear bright yellow. The remaining procedure is exactly as described by von Euler (1948) , except that the final ethanolic extract is evaporated to complete dryhess, and as much of the residue as will dissolve taken up again in 2 to 3 ml. of acidic ethanol (1 ml. concentrated HC1 in 100 ml. 95 per cent ethanol). This further frees the extract of inorganic material.
Aliquots of this final solution can be chromatographed for adrenalin or assayed colorimetrically (yon Euler and Hamberg, 1950) . The colorimetric method involves the oxidation of adrenalin to the red substance adrenochrome with iodine, and removal of excess iodine with thiosulfate. The color intensity is measured in the Klett-Summerson colorimeter using filter 54.
Our extracts, prepared and chromatographed as described, showed no spot in the region where adrenalin should have appeared, i.e. a spot with an R s of about 0.5 and which corresponds in position with control applications of synthetic /-adrenalin (Winthrop-Stearns).
Three separately prepared extracts, however, yielded on the chromatogram a spot which turned red with the potassium ferricyanide indicator, changing within several hours to purple with a red front edge. The shape of this spot was irregular, resembling an inverted W, suggesting that impurities might be slowing the migration of the chromogens. The Rf of the spot was about 0.7. An attempt was made to characterize this material further.
An aliquot of mealworm extract was applied and run as a broad band on a chromatogram. After drying, a small strip was cut from the paper and sprayed with potassium ferricyanide. The bulk of the chromogenic material having been located in this way, the region containing it was cut from the remainder of the paper and eluted with several milliliters of acidic ethanol. After concentrating the eluate to a small volume, it was run on a new chromatogram, developed with a mixture of n-butanol-acetic acid-water (4:1 : 5 by volume, with excess water removed). On spraying with ferricyanide, this chromatogram yielded two colored spots, close together, the upper red and the lower blue. The behavior of these spots toward the potassium ferricyanide indicated that they were probably orthodiphenols.
Many phenols which yield colored spots on the chromatogram with ferricyanide (e.g. adrenalin, noradrenalin, dopa, hydroxytyramine) also yield a red color on oxidation with iodine. This is the basis of yon Euler's colorimetric method for measuring adrenalin and noradrenalin. We found that aliquots of extract did indeed give a red color on iodine oxidation at pH 6 (3 minutes). The material derived from 5 gm. of larvae yielded a color intensity equal to that of 10/ag. adrenalin. No color, however, was developed on oxidation with iodine at pH 4 (1.5 minutes), though under these conditions adrenalin would have been completely oxidized. Again one can conclude that no adrenalin was present. All these observations are in accord, however, with the belief that one or both of the spots which appear on the chromatogram represent other orthodiphenols. Neither corresponds to dopa (3,4-dihydroxyphenylalanine).
FIG. 1. Photograph of chromatograms of whole larva extract. The chromatograms, which are not shown in their entirety, have been placed side by side for comparison. Left: extract to which adrenalin had been added at the beginning of the extraction procedure. Right: no adrenalin added.
After this investigation was ended, we learned that two orthodiphenols have been isolated in crystalline form from Tenebrio molitor (Pryor, Russell, and Todd, 1947; Hackman, Pryor, and Todd, 1948) . These are 3,4-dihydroxyphenylacetic acid and 3,4-dihydroxyphenyllactic acid. We have had no opportunity to compare these substances with those found on our chromatograms. The English workers also found no evidence of the occurrence of dopa in Tenebrio molitor.
I t was already evident that extracts prepared as described contain little or no adrenalin. As a final precaution we checked the efficiency of our procedures by adding known amounts of adrenalin to the mealworms at the point of the initial homogenization and extraction. It was found that as little as 250/~g. of adrenalin added in this way to 35 gin. of mealworms is detectable on the paper chromatogram.
Two batches, each of 35 gin. of larvae, were run in parallel under identical conditions. To one batch, 250 #g. of adrenalin had been added. Aliquots of the final, partially purified extracts were chromatographed simultaneously in two dimensions, developed in one direction with butanol-acetic acid, in the other with phenol. The results are shown in Fig. 1 . The extract of mealworms to which adrenalin has been added shows a distinct adrenalin spot with exactly the expected Rj in phenol (0.5), and the correct sequence of color changes on oxidation with ferricyanide. The other extract shows no indication whatever of adrenalin.
Both of these extracts yield on the chromatogram elongated bands which contain the two other spots already described. In Fig. 1 these appear as if single, but they are composed of two distinct regions, the top one red, the bottom purple, having Rj values of 0.85 and 0.75 in phenol. Apparently such a two-way chromatogram frees the compounds of whatever contaminants retard their migration in phenol alone, and the second chromatographing described above is not needed to separate them.
Another aliquot of the extract of the material to which adrenalin had been added was estimated colorimetrically with iodine at pH 4 and an oxidation time of 1.5 minutes, to determine the yield. This was about 25 per cent. The extract to which no adrenalin was added developed no color under these conditions. Therefore 250 #g. adrenalin added to 35 gin. of mealworms was readily detected chromatographically and colorimetrically. It follows that 100 gin. of larvae, the amount used by Wense as starting material, probably contained less than 750/~g. adrenalin. In comparable amounts of material we have obtained no evidence of adrenalin at all. It is difficult to reconcile these observations with Wense's reported isolation of crystalline adrenalin from the mealworm.
SUMMARY
Wense has reported the isolation of crystalline adrenalin from larvae of the beetle Tenebrio molilor. An attempt to repeat his procedures failed to yield any evidence of adrenalin. Analysis of mealworm extracts by paper chromatography and colorimetric means also yielded no indication of adrenalin, though adrenalin added to mealworms can be detected by these procedures in amounts less than 1 mg. per 100 gin. Mealworm extracts reveal on the paper chromatogram the presence of two other orthodiphenols, neither of which appears to be dopa but which may be 3,4-dihydroxyphenyllactic acid and 3,4-dihydroxyphenylacetic acid, compounds recently isolated elsewhere from this organism.
